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Abstract
Synechococcus sp. A15-62 is a marine cyanobacterium that undergoes Type IV chromatic
acclimation (CA4) by altering the bilin content of the phycobilisome (PBS) or light harvesting
complex to match the light color of its environment. The PBS is a protein complex comprised of
rods containing phycobiliproteins (PBP) and linker proteins. In this species, phycoerythrin I and
phycoerythrin II (PEI and PEII) are the phycobiliproteins located on the distal ends of the rods
and the alpha () subunits of these proteins are the ones with altered bilin content during CA4.
Bilin chromophores such as phycoerythrobilin (PEB) and phycourobilin (PUB) are bound to
these PBPs at specific Cysteine (Cys) residues by phycobilin lyases.
In marine Synechococcus species, lyases and lyase-isomerases within the MpeQWYZ
sub-family of lyases are specific for attaching bilin to Cys-83 site of the α –subunit (MpeA) of
PEII. The similarities between the enzymes in this family were investigated by aligning them
with Geneious 6.1.8. The four positions 104, 331, 335 and 364 were identical or similar between
isomerases. The residues at these positions differ between lyases and lyase-isomerases, but are
conserved among lyase-isomerases which suggests that they might be involved in the isomerase
function. To investigate amino acids responsible for isomerase function, MpeW, the lyase
responsible for attaching PEB to Cys-83 of MpeA, was mutated by overlapping PCR to create: a
quintuple mutant, triple mutant, and double mutants. Point mutations were introduced in which
the residue present in MpeW was mutated to the corresponding residue in MpeQ, a lyaseisomerase. After co-expressions with HT-MpeA using a heterologous co-expression system in E.
coli, purified HT-MpeA was analyzed by zinc-enhanced fluorescence and fluorescence
spectroscopy for bilin attachment. It was observed that MpeW
(T110A,G319V,V320T,Q323Y,A352T), MpeW(G319V,V320T,Q323Y), and

vii

MpeW(G319V,V320T) attached both PEB and some PUB. These results indicate that positions
319 and 320 are important for isomerase function.

viii
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1. Introduction
1.1 Phycobilisome, Phycobiliproteins, and Phycobilin Structure and Function
Synechococcus sp. A15-62 is an oxygenic, marine cyanobacterium species that absorbs
light through the use of the phycobilisome (PBS). The PBS is a protein complex comprised of
phycobiliproteins (PBP). In this species, PBPs, phycoerythrin I and phycoerythrin II (PEI and
PEII), are located on the distal ends of the rods of the PBS (See Fig. 1). PEI and PEII are
composed of α- and β-subunits, referred to as CpeA/CpeB and MpeA/MpeB, respectively
(Wilbanks and Glazer 1993). Bilin chromophores such as phycoerythrobilin (PEB) and
phycourobilin (PUB) are covalently linked to these PBPs by enzymes called phycobilin lyases.
Each subunit of PBPs has two to three phycobilins, namely phycoerythrobilin (PEB) or
phycourobilin (PUB) attached by thioether linkages to Cys residues (See Fig.2). Attachment of
specific bilin chromophores enables absorption of different wavelengths of light in the visible
spectrum. PEB and PUB are pink and orange, in color, respectively, and absorb light in green
(λmax = 560nm) or blue (λmax = 490nm) light regions, respectively.
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1.2 Type IV Chromatic Acclimation
This species of cyanobacteria utilizes chromatic acclimation in order to thrive in various
light niches within a body of water. Synechococcus strains undergo Type IV chromatic
acclimation (CA-4) which involves the adjustment of phycobilin content on the PBPs in response
to the changes in light conditions in order to achieve optimum photosynthetic activity (Kehoe,
2010; Sanfilippo et. al, 2019), (See Fig.3). During CA-4, three of eleven sites for chromophore
attachment to PBPs change when shifted between blue light (BL) and green light (GL): Cys-139
on CpeA contains PEB in GL and PUB in BL and Cys-83 and Cys-140 on MpeA contain PEB in
GL and PUB in BL (Shukla et al., 2012). Comparative genomic analysis has shown that this
ability to acclimate is conferred by a speciﬁc genomic island, the CA-4 island (Humily et al.,
2013; Sanﬁlippo et al., 2016).
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1.3 CA-4 Island
The CA-4 genomic island is found in two distinct configurations (A and B) (See Fig.5).
Genes for two transcriptional regulators (fciA and fciB), a phycobilin lyase gene (mpeZ or mpeW)
and an unknown gene (unk10) were identified in the genomic islands in the strains of
Synechococcus demonstrating CA-4 through whole genome analysis of the strains (Humily et al.,
2013). Synechococcus sp. A15-62 possesses the CA4-B genomic island configuration that
contains two transcriptional regulators (fciA and fciB), the phycobilin lyase gene (mpeW) and an
unknown gene (unk10). The CA4-B island is downstream of the operon that encodes PEII
subunits, (mpeA and mpeB), a linker protein, (mpeC), a lyase/isomerase, (mpeQ), putative
phycobilin lyase, (mpeU), as well as an unknown gene (unk 9) (See Fig.4). The expression of the
PEB lyase MpeW is light regulated, and it is highly induced under green light (Humily et al.,
2013), whereas MpeQ is constitutively expressed (Partensky, F. personal communication). This
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constitutive expression of MpeQ suggests that A15-62 may have been a blue light specialist
before gaining the ability to chromatically acclimate to green light conditions with incorporation
of the CA-4 genomic island (Nguyen 2018).

1.4 MpeY and MpeZ in CA-4A

In the CA4-A genomic island, the gene, mpeZ, encodes a PEB lyase/isomerase in
Synechococcus sp. RS 9916. The lyase isomerase, MpeZ, is expressed more under blue light
conditions and attaches PEB to Cys-83 on MpeA and isomerizes it to PUB (Shukla et al. 2012).
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These strains contain a gene in the PEII encoding operon, mpeY which is expressed
constitutively, and the enzyme it encodes attaches PEB to the Cys-83 residue on MpeA
(Sanfilippo et al. 2019). It was discovered that the lyase-isomerase, MpeZ, which attaches PUB
to Cys-83 of MpeA under blue light conditions, competes with MpeY to determine which
chromophore is attached at this one site. The idea of competition between MpeY and MpeZ is a
novel and critical feature of chromatic acclimation which exists among marine Synechococcus
globally (Nguyen, 2018).

1.5 MpeQ and MpeW in CA-4B
The gene, mpeQ, encodes a lyase/isomerase that ligates PEB to the Cys-83 site on MpeA
and isomerizes it to PUB to maintain the basal blue light phenotype observed in Synechococcus
sp. A15-62 (Nguyen, 2018). The mpeW gene, present in the CA4-B genomic island of this
organism encodes a PEB lyase for that same position and is upregulated under green light
(Nguyen, 2018). MpeW likely outcompetes MpeQ to ligate PEB to the same site, analogous to
MpeZ and MpeY. This competition between lyases would provide a strain with a basal blue-light
phenotype the ability to chromatically acclimate to green light conditions conferred by
acquisition of the CA4-B genomic island (Grébert T., 2017). This ability to efficiently fine tune
the PBS through competition of enzymes involved in post-translational modification gives CA-4
capable Synechococcus an additional fitness tool which allows it to acclimate to changes in the
ratio of blue and green light (Grébert T., 2017).
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1.6 Mutagenesis Background
While enzymatic activities between MpeW and MpeQ are different, their sequences are
very similar (Suman Pokhrel, 2018) (See Fig.7), and this may be because they recognize the
same substrates: PEB and Cys-83 of MpeA. The similarities between lyases and lyaseisomerases within the MpeQWYZ sub-family of lyases that are specific to the Cys-83 site of α subunit of PEII were investigated by aligning and comparing all available sequences of this
family using Geneious 6.1.8 (See Fig. 8). The comparison revealed that residues at positions 12,
33, 232 and 332 are identical or similar between lyases, whereas the four positions 104, 331, 335
and 364 were identical or similar between isomerases, suggesting that the latter four residues
might be involved in the isomerase function (Grébert T., 2017). The latter four residues are
different between lyases and isomerases, but conserved among isomerases. Likewise, residues at
positions 12, 33, 232, and 332 are different between lyases and isomerases, but conserved among
lyases within the MpeQWYZ sub-family of lyases. Because this family of enzymes recognize the
same substrates (MpeA-C83 and PEB), we propose to investigate the potential amino acid
residues that are necessary for isomerase function. We can achieve this by mutating the residues
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in MpeW, a lyase, to the corresponding amino acid present in the isomerase, MpeQ, and analyze
any changes in enzymatic activity.
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2. Purpose
The goal of this project is to experimentally investigate the putative amino acid residues
responsible for the difference of enzymatic activity between lyase, MpeW, and lyase-isomerase,
MpeQ from Synechococcus sp. A 15-62 by performing site-directed mutagenesis of MpeW. The
residues that will be mutated include: 110 (Threonine to Alanine), 319 (Glycine to Valine), 320
(Valine to Threonine), 323 (Glutamine to Tyrosine), and 352 (Alanine to Threonine). This
project will provide more insight into the residues that confer isomerase ability. A multi-plasmid
heterologous expression system in E. coli will be used to recombinantly produce PBP substrates,
enzyme machinery responsible for synthesis of phycobilins, as well as mutated MpeW.
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3. Materials and Methods
3.1 Construction of inducible expression plasmids
Table 1 lists the plasmids used in this study. The recombinant plasmids constructed for the
purpose of our experiments were sequenced (Eurofins Analytical) to confirm successful addition
of mutations. The mpeW gene was amplified by PCR from plasmid DNA. Primers used for PCR
are listed in Table 2.
Table 1: Expression plasmids used in this study
Plasmid Name

Recombinant Protein

Parent
Vector

Antibiotic

Reference

pMpeA

Synechococcus sp. A15-62
HT-MpeA

pCOLA
Duet

Km

Pohkrel 2018

pMpeQ

Synechococcus sp. A15-62
NT-MpeQ

pCDF Duet

Sp

Joseph 2018

pMpeW

Synechococcus sp. A15-62
NT-MpeW

pETDuet-1

Ap

This work

pMpeW5

Synechococcus sp. A15-62 NTMpeW(T110A,G319V,V320T, pETDuet-1
Q323Y,A352T)

Ap

This work

pMpeW3

Synechococcus sp. A15-62
NTpETDuet-1
MpeW(G319V,V320T,Q323Y)

Ap

This work

pMpeW(T110A,A352T)

Synechococcus sp. A15-62
NT-MpeW(T110A,A352T)

pETDuet-1

Ap

This work

pMpeW (G319V,V320T)

Synechococcus sp. A15-62
NT-MpeW(G319V,V320T)

pETDuet-1

Ap

This work

pMpeW(G319V,Q323Y)

Synechococcus sp. A15-62
NT-MpeW(G319V,Q323Y)

pETDuet-1

Ap

This work
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pMpeW(V320T,Q323Y)

Synechococcus sp. A15-62
NT-MpeW(V320T,Q323Y)

pETDuet-1

Ap

This work

pPebS

Myovirus Ho1 and HT-PebS

pACYCDu
et-1

Cm

Kronfel 2017
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Table 2: List of primers used in this study

Primer
A1562 NT MpeW G319V V320T Q323Y
FMP

5’ to 3’ Sequence
ATGGCTCTGATTATGTTACTCACTATTACGTA
AATTGTTTGGTG

A1562 NT MpeW G319V V320T Q323Y
RMP

CACCAAACAATTTACGTAATAGTGAGTAACAT
AATCAGAGCCAT

A1562 NT MpeW T110A FMP

AGTAGTGATGAGCAGGCGATTGTGAATTCAG

A1562 NT MpeW T110A RMP

CTGAATTCACAATCGCCTGCTCATCACTACT

A1562 NT MpeW A352T FMP

CCGGCTCCGCAGTATACAAAATCAAAAATAG

A1562 NT MpeW A352T RMP

CTATTTTTGATTTTGTATACTGCGGAGCCGG

A1562 NT MpeW G319V FMP

ATGGCTCTGATTATGTTGTTCACTATCAAGT

A1562 NT MpeW G319V RMP

ACTTGATAGTGAACAACATAATCAGAGCCAT

A1562 NT MpeW V320T FMP

GGCTCTGATTATGGTACTCACTATCAAGTAAA

A1562 NT MpeW V320T RMP

TTTACTTGATAGTGAGTACCATAATCAGAGCC

A1562 NT MpeW Q323Y FMP
A1562 NT MpeW Q323Y RMP
A1562 NT MpeW G319V V320T FMP
A1562 NT MpeW G319V V320T RMP
A1652 NT MpeW V320T Q323Y FMP
A1652 NT MpeW V320T Q323Y RMP
A1562 NT MpeW G319V Q323Y FMP
A1562 NT MpeW G319V Q323Y RMP

TATGGTGTTCACTATTACGTAAATTGTTTGGT
G
CACCAAACAATTTACGTAATAGTGAACACCAT
A
ATGGCTCTGATTATGTTACTCACTATCAAGTA
AA
TTTACTTGATAGTGAGTAACATAATCAGAGCC
AT
GGCTCTGATTATGGTACTCACTATTACGTAAA
TTGTTTGGTG
CACCAAACAATTTACGTAATAGTGAGTACCAT
AATCAGAGCC
ATGGCTCTGATTATGTTGTTCACTATTACGTA
AATTGTTTGGTG
CACCAAACAATTTACGTAATAGTGAACAACA
TAATCAGAGCCAT
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A1562 NT-MpeW F NcoI

GTAGCCATGGGCGTGCCAAGTTCACAG

A1562 NT-MpeW R HindIII

GCCGAAGCTTGCCTATAGTTCACGTAAGAC

3.2 Creating a non-tagged MpeW expression construct
The mpeW gene was amplified from an A15-62 Nus-MpeW construct by PCR using primers
MpeWF and MpeWR (See Table 2) and cloned into pETDuet-1 (Novagen, Madison, WI) by
digesting with NcoI and HindIII. The resultant plasmid was called NT-MpeW. The construct
results in the production of non-tagged MpeW which has a molecular mass of 44.7 kDa.
Standard cloning techniques were used for the cloning of the mpeW gene.
3.3 Creating mutant MpeW expression constructs
The mpeW gene was amplified from the NT-MpeW construct by PCR using primers designated
for each mutant (See Table 2). Site-directed mutagenesis using a combined overlapping PCR
method was conducted as previously described (Hussain and Chong 2016). The mutated gene
was then cloned into pETDuet-1 (Novagen, Madison, WI) by digesting with NcoI and HindIII.
These constructs result in the production of non-tagged MpeW mutants which all have a
molecular mass of 44.7 kDa. Each single mutant construct was also created, but due to lack of
time, these were not analyzed for this honors thesis.

3.4 Recombinant protein expression and purification
Recombinant expression plasmids were co-transformed into E. coli BL21 [DE3] cells, and
colonies were selected on Luria Bertani (LB) plates with the appropriate antibiotics (see Table 1)
at the following concentrations: ampicillin (Ap: 100 μg ml-1), chloramphenicol (Cm: 34 μg ml- 1),
kanamycin (Km: 50 μg ml-1), spectinomycin (Sp: 100 μg ml-1). A 50-ml overnight starter culture
was added to 1 L of LB medium with appropriate antibiotics. The culture was shaken at 37°C for
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approximately 2 hours until it reaches an optical density of 0.6 at 600 nm. The production of T7
RNA Polymerase in cultures was induced by the addition of 1 mM isopropyl β-D thiogalactoside
(IPTG). This allowed for transcription of the genes cloned in Duet vectors with T7 promoters
(Novagen, Inc). The induced cultures were placed at 16°C for approximately 20 hours with
shaking at 220 rpm. Cells were harvested by centrifugation at 8,000 x g for 8 minutes, and cell
pellets were stored at -20°C.

Cell pellets were resuspended in approximately 40 ml of Buffer O (20 mM Tris-HCl, pH 8.0, 50
mM NaCl, 50 mMKCl), 0.1x complete mini protease inhibitor cocktail and 0.01 mg·mL-1
lysozyme; exact volumes used were based on the relative mass of the pellets. The cells were
lysed by passage through a French pressure cell press at 138 MPa three times. The lysed cell
suspension was centrifuged for 20 min at 13,000 x g to remove cell debris. Hexa-histidine tagged
recombinant proteins were purified by passing the supernatant over nickel- nitrilotriacetic acidSuperflow-affinity column (Qiagen, Inc., Chatsworth, CA) containing 5 ml of nickel resin, and
proteins were purified as previously described (Shen et al. 2006). The recombinant protein(s)
were dialyzed with buffer O containing 10 mM 2-mercaptoethanol overnight at 4 °C to remove
imidazole.

3.5 Protein analysis by gel-electrophoresis:
Protein samples were separated by polyacrylamide gel electrophoresis (PAGE, 15% w/v), in the
presence of sodium dodecyl sulfate (SDS) at 120 V for 1 hour. Fluorescence from bilins linked
to proteins was detected with excitation at 488 nm or 532nm (BIO-RAD ChemiDoc MP Imaging
System) after staining in 10 mM zinc sulfate solution. For Western blots, proteins were
transferred to mini format 0.3 μm PVDF membrane (Bio-Rad) using the BIO-RAD Trans-blot
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Turbo Transfer System. Membrane was incubated in 1 mL 2% (w/v) milk in TBST (Trisbuffered saline, 0.1% Tween 20) solution with 1 μl of Anti-His Tag 1o antibody (GenScript)
overnight and 4 μl of Goat Anti-Mouse 2o antibody (GenScript) in 8 mL of TBST for 3 hours.
After four 15-minute washes with 10 mL of TBST, membranes were developed using Clarity
Western ECL Substrate (Bio-Rad).

3.6 Fluorescence Emission and Absorbance Spectra of Purified Proteins:
Perkin Elmer LS55 fluorescence spectrophotometer (Waltham, MA) with slit widths set at 10 nm
was used to obtain the fluorescence emission spectra. The excitation wavelength was set to 440
nm to detect PUB and 490 nm to detect PEB. The chromophorylated samples were not diluted
prior to obtaining their fluorescence spectra. Absorbance spectra were acquired using a lambda
35, dual-beam UV-Vis spectrophotometer (Perkin Elmer, Waltham, MA).

4. Results
Heterologous co-expression of MpeW, MpeQ, and MpeW mutants with hexahistidine–
tagged (HT) MpeA, the enzyme substrate, in E. coli allows observation of the enzyme’s lyase or
isomerase activity. E. coli cells used for co-expressions also contain a plasmid which expresses
HO1 and PebS enzymes that are required for PEB biosynthesis from endogenous heme
(Dammeyer, et. al, 2008). HT-MpeA co-expressed with MpeW, MpeQ, or MpeW mutants was
purified and investigated using spectroscopy. HT-MpeA co-expressed with NT-MpeW or NTMpeQ were used as positive controls for the mutant data set. HT-MpeA without co-expression of
a lyase in the presence of PEB was used as a negative control.
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4.1 MpeW5 and MpeW3 Analysis

The fluorescence spectra of HT-MpeA co-expressed with MpeQ excited at 440 nm
revealed a peak at 500 nm which indicates PUB-bound protein, as expected (Nguyen, 2018). The
fluorescence spectra had no emission maxima when excited at 490 nm confirming the bilin
bound to the HT-MpeA is not PEB (see Fig. 9). There was no fluorescence emission for HTMpeA expressed without any lyase in the presence of PEB when excited at both 440 nm and 490
nm indicating the absence of bound bilin (see Fig. 9). HT-MpeA co-expressed with MpeW,
MpeW3, and MpeW5 excited at 490 nm revealed an emission peak at 570 nm which indicates
PEB bound (see Fig. 9). MpeW3 and MpeW5 had a fluorescence emission maxima of 563.5 nm
and 565.5 nm, respectively. When excited at 440 nm, HT-MpeA co-expressed with MpeW3 and
MpeW5 exhibited small peaks at 500 nm which suggests that a small amount of PUB is being
attached to some of the MpeA at Cys-83 (see Fig. 9).
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The absorbance spectra of HT-MpeA co-expressed with MpeQ revealed a peak at 490 nm
which is consistent with peaks typically observed by bound PUB (see Fig. 10). HT-MpeA coexpressed with MpeW showed a peak at 550 which is consistent with peaks observed by bound
PEB (see Fig. 10). HT-MpeA co-expressed with MpeW3 revealed a large peak at 550 nm and a
very small shoulder at 490 nm. HT-MpeA co-expressed with MpeW5 also revealed a peak at 550
nm and a small shoulder at 490 nm (see Fig. 10). These results are consistent with the ~500 nm
peaks observed in the fluorescence emission spectra for HT-MpeA co-expressed with MpeW3
and MpeW5 suggesting that both mutants are attaching PEB and a small amount of PUB to
MpeA.
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Zinc-enhanced bilin fluorescence of the purified HT-MpeA co-expressed with MpeW
after SDS-PAGE showed fluorescence of PEB when excited at 532 or 488 nm (see Fig. 11A, B).
HT-MpeA co-expressed with MpeW3 and MpeW5 also showed fluorescence when illuminated
with light of 532 and 488 nm (see Fig. 11A). This indicates that bilins are covalently bound to
the MpeA protein. HT-MpeA co-expressed with MpeQ showed fluorescence when illuminated
with light of 488 nm which is consistent with PUB-bound protein (see Fig. 12). Due to the strong
band intensity of HT-MpeA co-expressed with MpeQ illuminated at 488 nm, fluorescence was
not able to be visualized for MpeW mutants whose fluorescence bands were likely weaker but
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present (see Fig. 12). The amounts of PUB that were attached are likely to be very small
compared to those attached by MpeQ.

After HT-MpeA purification and separation by SDS-PAGE, Western blot analysis was
performed to visualize HT-MpeA. Typically, Coomassie-Blue staining is used to stain and
visualize proteins, but HT-MpeA stains poorly and is unable to be visualized on a Coomassieblue stained gel. Because MpeA is hexa-histidine-tagged, an Anti-His Tag antibody was used
visualize the HT-MpeA subunit by Western blot. Bands of equal size are observed in lanes with
HT-MpeA co-expressed with MpeQ, MpeW, MpeW3, and MpeW5 (see Fig. 13). Band size was
approximately 17 kDa when compared to the LMW ladder which is consistent with HT-MpeA
protein size of 17.6 kDa. Also, the amounts loaded in each lane appear equivalent.
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4.2 MpeW Double Mutant Analysis

The fluorescence emission spectra of HT-MpeA co-expressed with MpeW and all MpeW
double mutants excited at 490 nm revealed a peak at 570 nm which indicates some PEB was
bound at C83 or C140 (see Fig. 14). HT-MpeA co-expressed with MpeW (G319V, V320T)
revealed a peak with a fluorescence emission maximum of 496 nm excited at 440 nm which
indicates that at least a small amount of the MpeA substrate has PUB-bound. Since fluorescence
is so much more sensitive than absorbance, the amount of PUB is assumed to be a small
proportion of the MpeA with bilin present.
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The absorbance spectra of HT-MpeA co-expressed with MpeQ revealed a peak at 490 nm
which is consistent with peaks typically observed by PUB-bound protein (see Fig. 15). HTMpeA co-expressed with MpeW showed a peak at 550 nm which is consistent with peaks
observed by bound PEB (see Fig. 15). HT-MpeA co-expressed with MpeW double mutants
revealed a peaks at 550 nm which indicates PEB-bound protein (see Fig. 15). There were no
peaks observed at 490 nm for HT-MpeA co-expressed with MpeW double mutants. There was
no absorbance peak for HT-MpeA expressed by itself indicating the absence of bound bilin.
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Equal amounts of HT-MpeA were separated by SDS-PAGE, and the amount of bilin
ligated to the protein was analyzed by in-gel fluorescence after the gel was soaked in a zinc
solution which is bound by the bilin (see Fig 16 and 17). Zinc bound by bilins in this assay
enhances their fluorescent properties after denaturation within the SDS polyacrylamide gel.
Zinc-enhanced bilin fluorescence following SDS-PAGE of the purified HT-MpeA co-expressed
with MpeW showed evidence of covalent bilin attachment to MpeA and that PEB is excited at
488 and 532 nm PEB-bound protein (see Fig. 16). HT-MpeA co-expressed with MpeW double
mutants also showed evidence of covalent bilin attachment to MpeA after zinc-enhanced bilin
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fluorescence following SDS-PAGE (see Fig. 17). HT-MpeA co-expressed with MpeQ showed
fluorescence only after excitation at 488 nm which is consistent with PUB-bound to MpeA (see
Fig. 17). We can also generally conclude that the yield of covalent chromophore attachment was
lowest in the MpeW (T110A, A325T) and MpeW (G319V, V320T), suggesting that these
mutations had a negative effect on lyase activity in general. The other two double mutants,
MpeW (V320T, Q323Y) and MpeW (G319V, Q323Y) appear to have equal amounts of bilin
covalently attached when compared to the activity of wild-type MpeW.

In order to verify that equal amounts of protein were loaded in gels shown in Figures 16
and 17, Western blot analyses were performed using antibodies against the hexa-histidine tag.
Bands of equal size are observed in lanes with HT-MpeA co-expressed with MpeQ, MpeW,
MpeW3, and MpeW double mutants (see Fig. 18), showing that equivalent amounts of MpeA
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were loaded in each lane. The molecular mass of the protein on the gel was approximately 17
kDa when compared to the molecular mass standard ladder which is consistent with expected
size of HT-MpeA protein size of 17.6 kDa.
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Discussion
The goal of this work was to elucidate possible amino acid residues that confer isomerase
ability that is observed in lyase-isomerases, such as MpeQ in Synechococcus sp. A15-62, which
is an important aspect of chromatic acclimation. Based on conserved residues between lyaseisomerases in the MpeQWYZ sub-family of lyases, five residues (110, 319, 320, 323, 352) are
thought to be important for isomerase function. With this knowledge, site-directed mutants of
MpeW, a characterized lyase that attached PEB to MpeA in in Synechococcus sp. A15-62 were
produced by mutating each of the five residues to the amino acid present in MpeQ. These
mutants consisted of MpeW double mutants: MpeW (T110, A352T), MpeW (G319V, V320T),
MpeW (G319V, Q323Y), MpeW (V320T, Q323Y), and MpeW3 (G319V, V320T, Q323Y) and
MpeW5 (T110A, G319V, V320T, Q323Y, A352T). Single mutants were made, but there was an
insufficient amount of time to analyze each of these mutants at least two times before presenting
this honors thesis.
Co-expressions of HT-MpeA with MpeQ, MpeW, and each MpeW mutant allowed for
the evaluation of the effects of mutations on enzyme activity. It was observed that MpeW with
mutations in all five amino acid residues (MpeW5) exhibited both lyase and lyase-isomerase
ability based on peaks consistent with PUB-bound protein in fluorescence spectra when excited
at 440 nm. MpeW with mutations in three resides near each other (MpeW3) also exhibited lyase
and lyase-isomerase activity observed by peaks consistent with PUB-bound proteins in
fluorescence spectra when excited at 440 nm. These results were consistent with peaks visualized
on absorbance spectra from HT-MpeA co-expressed with MpeW3 and MpeW5 mutants.
Analysis of double mutants revealed isomerase activity in MpeW(G319V, V320T) indicated by
peaks consistent with PUB-bound proteins in fluorescence spectra when excited at 440 nm.
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While a peak was seen on fluorescence spectra to support PUB attachment by the
MpeW(G319V, V320T) mutant, the absorbance spectra did not exhibit the same peak. This is
likely due to the low protein concentration that was analyzed compared to other samples.
These data strongly suggest that the region of MpeQ encompassing Valine 319,
Threonine 320, and Tyrosine 323 is likely very important in isomerase function. Analysis of
single mutants will allow for further investigation of the role of each individual amino acid.
Analysis of molecular bonding of the enzyme to its bilin substrate based on the mutations that
confer isomerase activity could allow for a deeper understanding of the mechanism of PEB
attachment and isomerization to PUB. The amount of isomerization in these mutants was small
as judged by the fluorescence emission spectra, but the ability of an enzyme to gain this
isomerization activity was observed, indicating that these positions do play a role.
In addition, comparison to the mutations of these equivalent sites within MpeQ so that it
is more like MpeW in positions A107T, V319G, T320A, Y323Q, and T352A will allow us to
determine if MpeQ can lose its isomerase function. Solving crystal structures of these two
enzymes would also allow us to map the structural differences between the two enzymes and
might suggest other important sites that may not be obvious from the alignments (See Fig.7, 8).
This thesis provides insight to the specific residues that confer isomerase activity in the
bilin lyase-isomerase, MpeQ, which is important in chromatic acclimation used by cyanobacteria
to thrive in various light niches.
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